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Abstract. - Resorption processes in the scales of Atlantic salmon, during its anadromous migration are known 
since 1935, but have never been quantified. In fact, the ellipsoid form of the ascending salmon scale resorbs 
into an irregular highly deformed shape in spawning salmon. The aim of this study is to quantify the changes 
of both anterior and posterior scale areas using image analysis techniques. Salmon scales were sampled taking 
into account the sex and sea age of fish at two stages of migration, viz at the beginning of the upstream migration 
in rivers and at the spawning areas. Analyses confirmed that scales are highly resorbed during the anadromous 
migration and that the resorption is caused by the osteoclastic activity. Morphometric analyses showed that the 
scale posterior area eroded significantly more intensely than the anterior one. The reason behind the higher ero¬ 
sion in the posterior surface is probably the fact that this area is closer to the circulatory system. Whatever the 
sex, scales eroded because they ensure a source of minerals used during sexual maturation. However, scales 
of males eroded significantly more than those of females. Therefore, scale quantification could well be used to 
discriminate males from females especially after spawning. The time spent at sea seemed to play a minor role 
on scale modifications during the upstream migration in females. In the light of these quantifications, the use of 
eroded scales could constitute an accurate tool to improve the knowledge and the management of wild popula¬ 
tions. 
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Resume. - Resorption des ecailles du saumon Atlantique (Salmo salar) au cours de sa migration anadrome : 
etude quantitative. 

Les processus de resorption des ecailles du saumon Atlantique, au cours de la migration anadrome, sont 
connus depuis 1935, mais n’ont jamais ete quantifies. En fait, la forme ovale de Tecaille du saumon en phase de 
croissance se resorbe en une forme plus ou moins asymetrique chez le saumon en fin de reproduction. Une etude 
quantitative de Revolution des differentes parties de Tecaille, anterieure et posterieure, a ete realisee en utilisant 
des techniques d’analyse d’images. Les ecailles du saumon ont ete echantillonnees en tenant compte du sexe du 
poisson, de Rage en mer et de deux etapes de leur migration, a savoir au debut de la migration dans les rivieres 
puis dans les zones de frai. Les analyses ont confirme que les ecailles sont fortement resorbees au cours de la 
migration anadrome et que la resorption est provoquee par l’activite des osteoclastes. Les analyses morphome- 
triques ont montre que la partie posterieure de Tecaille est significativement plus erodee que la partie anterieure. 
Cette erosion plus importante est probablement due au fait que le champ posterieur recouvert de Tecaille est 
plus proche du systeme circulatoire. L’erosion des ecailles garantit une source de mineraux utilises au cours de 
la maturation sexuelle chez les deux sexes. Cependant les ecailles des saumons males sont significativement 
plus erodees que celles des femelles. Par consequent, la morphometrie des ecailles pourrait bien etre utilisee 
pour distinguer les males des femelles surtout apres la periode de la ponte. Le temps passe en mer spmble jouer 
un role mineur sur les modifications des ecailles lors de la migration anadrome chez les femelles. A la lumiere 
des resultats de ces quantifications, Rutilisation des ecailles pourrait constituer un outil precis pour ameliorer la 
connaissance et la gestion des populations sauvages. 


Since the studies of Crichton (1935) and Van Someren 
(1937), it was known that the scales of Atlantic salmon 
(Salmo salar Linnaeus, 1758) are submitted to resorption 
processes during the anadromous migration of the adults 
before and during spawning. In fact, the ellipsoid form of the 
ascending salmon scale resorbs into to an irregular highly 
deformed shape in spawning salmon. The shape of the result¬ 
ing scale, brings into mind what local fishermen call “the 
form of a dead man’s head”, in males only. It was also shown 
that scale resorption is closely related not only to sexual 


maturation but also to the energy used during the upstream 
migration while the animals are in a fasting stage. This 
resorption process results from the activities of specialised 
cells, the osteoclasts, and could be put into evidence by spe¬ 
cific histochemical techniques (Persson et al., 1995, 1997), 
or by using transmission electronic microscopy (Persson et 
al ., 1999). The salmon that survive the stress caused by the 
activities of migration and spawning return to the sea (Fon¬ 
taine, 1948; Fontaine et al., 1950). The mean postspawn¬ 
ing survival varies strongly according to the stock; it ranges 
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between 10 and 80% for some populations of Newfoundland, 
New Brunswick and Labrador (Cunjak et al., 1998). Sur¬ 
vival falls to 1% for the French populations (Bagliniere and 
Pore her, 1994) and presently to 0.6% in some French stocks 
(Lower-Normandy and Brittany) (Bagliniere, unpubl. data). 
Moreover, survival is generally 4.3 times higher in females 
than in males (Bagliniere, unpubl. data). When returning to 
the sea, salmon scales regenerate a part of the eroded areas, 
but indelible morphologic traces of the resorption process 
remain clearly visible (Crichton, 1935; Van Someren, 1937; 
Shaerer, 1992). Indeed, a spawning mark, defined as a con¬ 
tinuous concentric line, appears on the scales and their read¬ 
ing allows the identification of the fish as a multispawner 
(Bagliniere, 1985; Ombredane and Bagliniere, 1992; Shaer¬ 
er, 1992). 

Outside of the period of sexual maturation, Atlantic salm¬ 
on does not show a pronounced sexual dimorphism (Maisse 
and Bagliniere, 1986; Maisse et al., 1988; Flemming, 1996). 
Therefore, for determining the sex outside of the spawn¬ 
ing season in live fish several methods have been investi¬ 
gated. The first one is the serodiagnostic method based on 
the immunological identification of vitellogenin (Le Bail 
and Breton, 1981; Bagliniere et al., 1981). This method is 
of constraining use but quite reliable. The second one is a 
morphological method based on the measure of the relative 
lower jawbone length (Maisse and Bagliniere, 1986; Maisse 
et al., 1988; Prevost et al., 1991). These two methods can be 
used as early as the beginning of July for returning fish. It 
is generally well known that the scale resorption is signifi¬ 
cantly higher in males than in females (Bagliniere, 1985). If 
this affirmation is justified, it would be certainly possible to 
separate both sexes by a simple examination of scale mor¬ 
phology. However, to our knowledge, no quantitative study 
of the scale resorption has been carried out during the anadr- 
omous migration of salmon to test this hypothesis. 

The aim of the present study is to quantify the scale 


resorption in adult salmon trapped in the Scorff River in the 
south of Brittany (France). This study was achieved dur¬ 
ing the adult upstream migration from the river entry up to 
spawning area and throughout and/or after spawning. The 
present study was carried out by separating the two sexes 
as early as possible and the two main marine components 
of adult population: grilse (one sea winter 1SW) and spring 
salmon (multi sea winter MSW). 

MATERIAL AND METHODS 

Fish 

Salmon were sampled from a southern Brittany river, the 
Scorff (03°24’07”W; 47°50 ? 06”N), a coastal river 75 km 
long with a catchment area of 480 km 2 . Its estuary length is 
about 15 km. A trapping station (up- and downstream), which 
operates continuously, is located in “Moulin des Princes” at 
the limit of tidal influence. The salmon within river distribu¬ 
tion and spawning area range over 50 km upstream the trap. 
The biological characteristics (sex, sea age and migration 
stage) of 94 sampled salmon are presented in table I. Salmon 
were trapped at the Moulin des Princes station, from April 
to the end of July or caught at night by electrofishing on the 
spawning grounds during the reproduction season (end of 
November-end of December). They were measured (fork 
length) and 4-6 scales were removed for estimating age on 
the left hand side of the fish, 3-6 rows above the lateral line 
and on a line extending from the anterior edge of the anal 
fin to the posterior edge of the dorsal fin (Bagliniere, 1985; 
Ombredane and Bagliniere, 1992). A total of 441 scales were 
analysed excluding regenerated scales. 

Morphometry 

The scales were dried and conserved between two glass 
slides. Their image was digitized with an “AGFA SNAP- 


Figure 1. - Measurements taken on 
salmon scales. A: Scale of ascending 
spring salmon; B: Scale of spawn¬ 
ing spring salmon. F: Focus; LR: long 
radius; SA: surface of the anterior field 
of the scale; SP: surface of the posterior 
field of the scale; SR: small radius. 
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Table I. - The sample of Atlantic salmon caught in the Scorff River 
(Brittany). 


Adult stage 

Ascending fish 

Spawning fish 

Total 

Sea age 

Grilse 

Spring salmon 

Grilse 

Spring salmon 


Males 

11 

9 

7 

12 

39 

Females 

11 

14 

11 

19 

55 

Total 

45 

49 

94 


SCAN 600” scanner and then analysed by the NIH Image 
1.61 /fat software. Scale analyses included the following 
measurements (Fig. 1): surface of the anterior field of the 
scale or overlapped field (SA); surface of the posterior field 
of the scale or overlapping field (SP); total surface (ST) 
obtained by adding the two surfaces: SA + SP; main (or 
“long”) radius (LR) corresponding to the maximal length of 
overlapped field (distance focus-anterior scale margin); and 
small radius (SR), corresponding to the maximal length of 
overlapping field (distance focus-posterior scale margin). 

In order to analyse the temporal variation of these param¬ 
eters, different ratios were calculated: RE1: total area of the 
scale related to the square fork length: ST / FL 2 (%); RE2: 
surface of the overlapped field related to the total surface of 
the scale: SA / ST(%); RE3: small radius related to the long 
radius: SR/LR(%). 

These ratios were standardized by a transformation to 
arcsines (Sokal and Rohlf, 1981) and tested by ANOVA 
(Statview 4.02) in order to analyse the influence of sex, sea 
age and adult stage (ascending fish sampled during upstream 
migration and spawning fish sampled during spawning sea¬ 
son). For the purpose of visualizing the distribution of the 
different salmon groups, a Principal Component Analysis 
(PCA) was carried out on the experimental data as a function 
of quantitative and qualitative variables, using the XLStat 
software (Addinsoft SARL, New York, NY). 

Morphology 

Some scales were cleaned with a diluted solution of 
hypochlorite in order to remove the cellular remains, dehy¬ 
drated in ethanol of increasing concentration, dried and set¬ 
tled upon a metallic support. Their external side was met¬ 
allised with a “gold-platinum” layer and observed with a 
JEOL-SEM-35 electron microscope to examine the state of 
scale surface. 





hSj Ascending s Spawning 

Figure 2. - Variations of salmon scale ratios according to sex, sea 
age (grilse or spring salmon) and migration stage (ascending or 
spawning). A: RE1 ratio (total scale surface / fork length squared). 
B: RE2 ratio (anterior field surface / total scale surface). C: RE3 
ratio (small radius / long radius of scale). SE = standard error. 


a well-mineralized superficial layer (= external layer) (Zyl- 
berberg et al., 1992). The focus of the scale is clearly decen- 
tred and driven backward (Fig. 1). At low magnification the 
scale surface clearly showed that material is absorbed from 
the margin of the scale and also relatively frequently on the 
median area (Fig. 1). 


RESULTS 

The scales of the Atlantic salmon are cycloid elasmoid 
scales with two areas: The anterior overlapped field and 
the posterior overlapping field. They are oval shaped, thin, 
transparent and composed of a basal plate of lamellar tissue 
(see Meunier, 1987, for further details), which is overlaid by 


The differences between migrating and spawning fish 

The RE1 ratio decreased significantly (p < 0,001) 
between the upstream and spawning (Fig. 2A). The reduc¬ 
tion of the total scale surface illustrates an important ero¬ 
sion of the two layers (superficial layer and basal plate). The 
decreasing RE1 ratio depends significantly on sex rather 
than sea age (p < 0,001) and is less pronounced in females 
than in males. 
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Table II. - Results of variance analysis (ANOVA) of the RE1, RE2 and RE3 ratio in salmon, according to sex, migration stage and sea age. 
RE1: total area of the scale in relation to the square of fork length; RE2: surface of the overlapped field in relation to the total surface of the 
scale; RE3: the small radius in relation to the long radius. 



Sex 

(Male / Female) 

Stage of migration 
(Ascending / Spawning Salmon) 

Sea age 

(Grilse / Spring salmon) 

Variables 

F (1,433) 

P 

Test 

F (1,433) 

P 

Test 

F (1,433) 

P 

Test 

RE1 

9.9 

0.0026 

S 

254.6 

<0.0001 

S 

3.2 

0.08 

NS 

RE2 

86.7 

<0.0001 

S 

212.2 

<0.0001 

S 

0.65 

0.02 

S 

RE3 

12.2 

0.02 

S 

97.1 

<0.0001 

S 

4.2 

0.02 

s 


The RE2 ratio in ascending salmon is significantly lower 
than in spawning salmon (p < 0.0001; Tab. II; Fig. 2B). 
This shows that the relative surface of the posterior and 
anterior fields decreases at the same time but not with the 
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same speed of resorption. In the same way, the RE3 ratio 
decreases significantly (p <0.05; Tab. II) indicating that the 
erosion is highly important at the overlapping field of the 
scale (Fig. 2C). The evolution of these two ratios during the 
upstream migration is always significantly influenced by sex 
and sea age (Tab. II). Thus, in the spawning salmon, the ero¬ 
sion of the overlapping field is significantly more important 
in males than in females, which developed a lower resorp¬ 
tion process. Furthermore, at the spawning stage, the RE2 
ratio is significantly higher in spring salmon than in grilse 
(p <0.05) (Fig. 2B; Tab. II). 

Principal component analysis of salmon scale data 
revealed that the adult stage was clearly separated along 
PCI, which explained 51.84% of variance in the data 
(Fig. 3). Salmon at the beginning of the migration were 
positively loaded along PCI. Grilse and spring salmon were 
further separated along PC2 (27.11% explained variance), 
while males and females were distributed on both sides of 
the axis PC3 (Fig. 4). 

Morphological characteristics 

SEM (Scanning Electron Microscopy) observation of 
salmon scales at the final phase of upstream migration high¬ 
lights the rough aspect of the scale surface; the circuli are 
divided up and numerous superficial alveolae can be seen. 
This irregular organization confirms the presence of resorbed 
areas in the focus region but mostly at the scale margin 
(Fig. 5A). These resorption areas directly result from the 
destruction of the external layer and part of the basal plate. 
According to the large numbers of alveolae on the whole 
scale surface (Fig. 5B), the resorption seems to result prefer¬ 
entially from osteoclastic activity. Scale resorption concerns 


Figure 3. - Results of the principal components analysis (PC A) of 
the data regarding the Plots of variable loadings (A) and observa¬ 
tion scores (B) according to the first two axes. • Female grilse at 
the beginning of migration, O Female grilse at the spawning area, 
■ Female spring salmon at the beginning of migration, □ Female 
spring salmon at the spawning area, ▲ Male grilse at the beginning 
of migration, A Male grilse at the spawning area, ★ Male spring 
salmon at the beginning of migration, ^ Male spring salmon at the 
spawning area. (FL = Fork length; FR = Long radius; SA = Surface 
of the anterior field of the scale; SR = Small radius; ST = Total sur¬ 
face of the scale). 
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Figure 4. - Results of the principal components analysis of the 
data regarding the Plots of variables loadings (A) and observations 
scores (B), according to the first and the third axis. • Female grilse 
at the beginning of migration, O Female grilse at the spawning 
area spawning area, ■ Female spring salmon at the beginning of 
migration, □ Female spring salmon at the spawning area, ▲ Male 
grilse at the beginning of migration, A Male grilse at the spawning 
area, ★ Male spring salmon at the beginning of migration, Male 
spring salmon at the spawning area. (FL = Fork length; LR = Long 
radius; SA = Surface of the anterior field of the scale; SR = Small 
radius; ST = Total surface of the scale). 

at first the external layer and then expands more or less in 
the upper part of the basal plate. 

DISCUSSION 

Salmonid scales as well as other teleost scales are com¬ 
posed of mineralized tissue deposited by scleroblasts, but in 



Figure 5. - Scanning electron microscopy. A: View of a spawning 
male scale (F = focus); B: Detail of the anterior field of the same 
scale showing some Howship’s lacunae (arrows), which are evi¬ 
dence for osteoclastic resorption. 

contrast to mammalian bone, the cells are not incorporated in 
the tissues (Ouchi et al., 1972 ; Persson et al., 1995). How¬ 
ever, osteoclastic cells (osteoclasts), which are quite similar 
to the multinucleated cells observed in mammalian bone, 
were described in several mineralized tissues of teleosts and 
notably in the scales (Sire et al., 1990). These clastic cells 
may frequently be mononucleated in a number of taxa (Wit¬ 
ten and Huysseune, 2009). The observation of Howship lacu¬ 
nae, at both levels of the external layer and of the basal plate, 
shows that the osteoclasts are present in the salmon scales. 
The alveolae have a variable depth and their morphology is 
characteristic of the Howship lacunae that housed together 
multi-nucleated and mononucleated osteoclasts probably. 
Like in other salmonids, scale resorption starts by a dem¬ 
ineralization process then rapidly continues by a proteolytic 
destruction of the organic matrix (Persson et al., 1999). 

According to Simkiss (1974), in teleost fish the scales 
can represent an important pool of calcium (up to 20% of 
the total calcium weight of the organism). For many authors, 
only the scales would play a role as a reservoir of calcium in 
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teleosts (Mugiya and Watabe, 1977; Carragher and Sumpter, 
1991; Persson, 1997). However, recent studies have pointed 
to other mineral resources. Thus, the skeleton can be solic¬ 
ited preferentially to provide calcium and phosphorus in 
certain circumstances. Phosphorus is an essential element 
for a harmonious development and growth of the skeleton 
in fish (Roy et al., 2002; Witten and Huysseune, 2009). In 
fact, according to the ecological and biological constraints 
both minerals (calcium and phosphorus) may act either sepa¬ 
rately or in synergy on the skeletal mineral store using vari¬ 
ous resorption processes of bone: Osteoclasy (mono- and/or 
multinucleated osteoclasts (Lopez, 1973; Takagi and Yama- 
da, 1993; Persson et al., 1995, 1997, 1999; Kacem et al., 
1998), periosteocytic osteolysis (Kacem and Meunier, 2000) 
or halastasy (Lopez et al., 1970; Lopez, 1973; Kacem and 
Meunier, 2003; Sbaihi et al., 2007, 2009). Beside the min¬ 
eral supply scale resorption as well as vertebral bone resorp¬ 
tion deliver more or less complex organic component that 
can be used in other metabolic mechanisms of the organ¬ 
ism. For example, collagenous derivatives are useful for the 
synthesis of new bone for the kype in the male (Witten and 
Hall, 2003; Witten et al., 2004; Kacem and Meunier, 2009). 
So, scales make up a mineral and organic reservoir that can 
be used in case of necessity. In salmonids, the sexual matu¬ 
ration requires a great quantity of calcium (Persson et al., 
1997). Generally, calcium mobilization is often obtained 
from external environment sources (food and water) and also 
from an increased removal of calcium from the mineralized 
elements (bones and scales) if there are not enough external 
resources (Lopez, 1973; Simkiss, 1974; Takagi and Hamada, 
1993; Sbaihi et al., 2007, 2009). Moreover, adult salmon do 
not feed from the moment they enter the river and migrate 
upstream in freshwater that is a poor mineral environment 
compared to the ocean. In these conditions, it is obvious that 
the organic matter and the minerals (particularly calcium) 
should be essentially drawn from internal sources and nota¬ 
bly from scales. 

The present quantitative study confirmed the high 
resorption of scales usually observed qualitatively in salmo¬ 
nids during the anadromous migration in males as well as 
in females (Crichton, 1935; Jarvi and Menzies, 1936; Van 
Someren, 1937; Bagliniere, 1985;Ouchi et al., 1972; Takagi, 
1990; Persson et al., 1997). The resorption of the superficial 
layer and the basal plate of scales contributes clearly to the 
calcium supply. During the sexual maturation period, that 
takes place during upstream migration, the increasing plas¬ 
matic level of calcium, which is linked to the vitellogene¬ 
sis transport and to the quantity of calcium to store into the 
ovocytes, induces a high demand for this mineral in females 
(Wallace, 1985; Carragher and Sumpter, 1991; Persson, 
1997). Therefore, the scales indirectly play a crucial role in 
the development of the ovocytes in female salmon by trans¬ 
ferring and then accumulating the vitellin mineral reserves, 


which will be used later by the embryos. In males, the cal¬ 
cium demand is significantly much lower (Witten and Hall, 
2002 ). 

In males, the level of calcium accumulated in the tes¬ 
ticles is quite reduced relatively to that accumulated in the 
ovaries (Persson et al., 1997) suggesting that the need of 
calcium is lesser during the gonadic maturation of males 
contrary to the females. Nevertheless, in mature male adult 
salmon (genera Salmo and Oncorhynchus), this demand is 
rather linked to the growth of the kype, a pronounced hyper¬ 
trophy of the jaws in the shape of “beak" (Fontaine, 1948; 
Fontaine et al., 1950; Fleming, 1996; Witten and Hall, 2002, 
2003; Witten et al., 2005; Kacem and Meunier, 2009) which 
certainly requires large amounts of calcium. Moreover, in 
the Atlantic salmon, kype morphogenesis is accompanied 
by an important remodelling of bones and cartilages in the 
anterior region of the skull, essentially the ethmoidal zone 
(Tchernavin, 1938a; 1944), and the appearance of new teeth: 
the breeding teeth (Tchernavin, 1938b). This morphogenetic 
phenomenon is taking place at the same time as scales are 
resorbed. This suggests that kype osteogenesis in males is 
occurring at the expense of scales. However, the Pacific 
salmon, Oncorhynchus masu, shows an important resorp¬ 
tion of the scales during the genital maturation, while it does 
not undergo the hypertrophy of the jaws (Ouchi et al., 1972; 
Persson, 1997; Persson et al., 1997). Thus, the resorption of 
scales in adult salmon males could be rather under the con¬ 
trol of sexual hormones (testosterone, corticosteroids) (Idler, 
1973; Lall and Lewis-McCrea, 2007). 

The analysis of surface variation of the overlapped (ante¬ 
rior) and the overlapping (posterior) fields illustrate that the 
latter is more resorbed during the anadromous migration. 
This preferential resorption of the overlapping field could 
be explained by the presence of bloody vessels close to this 
part of the scale. Indeed, a rich vascular network may exist 
in the longitudinal sections of the skin in the loose dermis 
region (Whitear, 1986). The presence of osteoclasts in this 
area (Persson et al., 1999), and the proximity of the inner 
part of the scale to the vascular system, would thus favour a 
more important resorption in the overlapping field. The over¬ 
lapped field is settled deeply into the dense dermis where the 
circulatory system is more diffuse, and the scale surface is 
better protected by the surrounding fibrous tissue, which is 
essentially collagenous. 

Otherwise, the mineral density of the elasmoid scales 
is significantly higher in the superficial layer than in the 
basal plate (Meunier, 1984). The resorption efficiency of the 
superficial layer is thus above that of the basal plate, which 
is incompletely mineralized in salmonids (Maekawa and 
Yamada, 1970) as in most teleost scales (Zylberberg et al., 
1992). 

This mineral supply of scales in the calcium metabolism 
could be added to the mineral generated by the vertebral 
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skeleton that is also clearly requested during the upstream 
migration in salmon (Meunier and Desse, 1978; Kacem and 
Meunier, 2000,2003; Kacem et al., 1998,2000). 

The sexual dimorphism affecting scale resorption rate 
in spawning salmon could have important practical appli¬ 
cations, especially in rivers where fishing is allowed in late 
season. Indeed, salmon angling occurs in early autumn in 
most of salmon rivers in Lower-Normandy and Brittany and 
fishermen have to declare their catches and to give fish char¬ 
acteristics and scale samples. The declarations rarely include 
sex information. Thus, the results obtained in the present 
study (quantification of erosion rate in scales) can provide a 
useful tool to determine the sex and know the eventual sexu¬ 
al selectivity of this fishery at this period of the year. 

A second application of this quantitative approach of 
measurement of erosion rate in scales might allow restor¬ 
ing the initial form of the scale at the beginning of upstream 
migration. Using image analysis this restoration might allow 
estimating the sea age notably in spring/summer salmon 
as the strong erosion can remove up to two annual growth 
marks (Shearer, 1992). 

A latter application of this study would concern the pos¬ 
sible positive relationship between the erosion rate and the 
mortality rate observed after spawning. In other words, the 
estimation of the erosion rate in scales that vary according 
to sex (established results), to sea age, and to entry period in 
the river, might allow forecasting the survival rate of salmon 
after the spawning in a given stream and/a given year. To 
perform this application, scales from adult salmon captured 
and tagged during freshwater migration will be compared to 
scales from same fish recovered dead after spawning or dur¬ 
ing their downstream migration to sea as mended-kelts. 
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